
C0I03 COBETCKMX 

COUMA/IMCTMMECKMX 

PECnyB/lMK 



,SUo,,_ 1806187 A3 



rOCy;(lAPCTBEHHOE PATEHTHOE 
BE/IOMCTBO CCCP 
(rOCHATEHT CCCP) 



(51)5 G 01 N 27/48 



OnHCAHME M305PETEHM5I 

K HATEHTy ^ 




1 

(21) 4613363/13 

(86) PCT/GB 88/00338(29.04.88) 

(22) 30.12.88 
(46)30.03.93, Bio/i. Nfe 12 

(31) 8710472 

(32) 01.05.87 

(33) GB 

(71) KeMSpuj^jK nacup CaeHcua nnc (GB) 

(72) Xbw nurep BeHHetro (GB). fl>Kepapfl 
MaMn fle/iaHn (IE). ^>KepeMM Pmapn MacoH, 

Kpt1CT0<t)ep CJ3P3HK TSpCTOH. fl«OH /leuHr 

CT6p;iMHr. flasMA Po6epT fle ke«3ep. YflbSM 
reHpw Myn/ieH (GB) 

(56) 1. I. Molroux, P.J. Elving. Mechanistic 
Aspects of the Electrochemical Oxidation of 
Dihydronicotlnamlde Adenine DInucleotlde 
(NADH). - Journal of American Chemical 
Society, 1980. v. 102, Ms 21. p. 6533-6538. 

2. L Gorton. A. Torstensson, H. Jaegfeldt, 
G. Johansson. Electrocatalytic Oxidation of 
Reduced Nicotinamide Coenryme by Graphite 
Electrodes Modified with an Adsorbed 
Phenoxarlnlum Salt, Meldola Blue, - Journal 
of Electroanalyticail Chemistry, 1984 v 161 
^k1.p, 103-120. ' V. 101. 



HsoepereHne othocmtcji k cnocoBy no/i- 
yHeHMfl aneKTpoAa nnst ncno/ibaoBaHUH c 
Me/ibKj KO/iMMecT8eHHoro onpefle/ieHun 1,4- 

AUrHflpOHMKOTMHaMMAa aACHMH AMHyK/ieOTM- 

Aa (NAJXH) B pacTBope. 

NAflH M ero OKuc/ieHHafl Konun NAJB, s\b- 
rtnioTCfl KO<|)aKTOpaMM eo MHorux Kara/iMan- 
pyewbix . <|>epMeHTaMii omcnvnen bHo-Boccra- 

HOBMTe/lbHblX peaKMMJIX. B HeKOTOpUX M3 HMX 
(|)epMeHTaTMBHbl« CyeCTpaTOKMC/IJieTCJJ B npM- 

cyTCTBMM Ko<J)aKTopa NA<q b noAXOA«me« ok- 
CMAaae m» AerwAporeHaae ao noflyHeHMn b 
pacTBope NAflH. BApyrMx-<|)epMeHTaTMBHbii!» " 



(54) CnOCOB nPHrOTOB/lEHUR 3/lEKTPO- 
AOB KO/IMHECTBEHHOrO S/IEKTPO- 
XMMUMECKOrO OIlPEAE/IEHMa 1.4-ilM- 
mflPOHMKOTMHAMMflA A^EHMH R'A- 
HYK/IEOTHflA (NAflH) B PACTBOPE 
(57) McnoflbaoBaHne: aHa/iMTMMecKafl xhmma, 
aHa/iMTvmecKas ewoxuMMfl. CyiUHOCTb M3o6pe- 
TeHMfl. KOHueHTpauMK) NAflH B aHaflM3Mpye- 
MOM o6pa3Me onpeAenjiioT MeroAOM 

3/ieKTpOXMMMMeCKOrO OKMC/ieHMfl. npHHSM B 

KanecTBe a/ieKrpoAa ticno/ibsyioT CBJtaaHHbiPi 
. CMOflofi cnoHi yro/ibHbix n/tn rpa<j)MT0Bbix nac- 
TMU. c'oAepjKamux raKJKe Macrnubi nyiarnHw 
mvi nannanm. Ha aneKrpone raKjKe Moryr 

SblTl, MMM06M/IM3Mp0BaHbl NAfl-3aBMCMMbie 

<|)epMeHTbi M NAfl. 4 3.n. (i>-nu. 1 ra6n., 10 M 



cy6cTpaT floccTaHaB/iMBaercfl b npucyjcTBiiM 
KO<|)aKTopa NAflH M no/iynawT pacraop NAfl. 
Bo MHorux cnyMajix onpeAe/ieHne KOH^eHTpa- 
t\m NAflH Mox<HO Mcno/ib30BaTb Kax HHAHKa- 
Top KOHueHTpauMM cyecTpara mvim ksk 

CpeACTBO AIH OTC/ie«MBaHMfl <|)epMeHTaTMB- 

J^o^PeaKMMM. B KOTopyio BOBfleieH NAflH (m/im 

MSBeCTHO. MTO KOH^eHTpa^MIO NAflH 6 

pacTBope Mo>KHO onpeAe/iMTb KO/iopuMerpn- 
MecKM. HO KoyiopuMerpuMecKMe cnoco6bi b o6- 
luew HeBbiroflHw. 3HaHMTe/ibH0 Sonee 
BbiroAHbiMM flB/inioTcn a/ieKTpoxuMi/iHecKne 



CO 
O 

o 

00 

> 

CO 



3 



18Q6187 



4 



cnQco6bi. HO AO CMx nop nonuf km onpeAennTb 
NAiflH ancKTpoxviMMHecKMM cnocoOoM He flo- 
CTuranw ycnexa, MaeecTHO, HanpMMep. mto 
KOHueHTpauMk) NAAH moxho onpeAeJinn 
aMnepoMeTpMMecKMMcnoco6oM, npw KOTopoM 
NA^H oKMC/iniOT Ha aneKxpoAe npw <t)MKCMpo- 
BaHHOM KdHTpo/mpyeMOM noTeHUMane, npn- 
MCM TDK, npoxoA«mM*^ npM noAXOAflutMX 
ycnoBMSJX, ripono0UMdHa/teH KOHueHxpamiM 
NAAH. K co>Raii#HMio-i siieKxpoxuMMMecKoe 
OKMc/ieHMe NAAH rpeeyer eucoKOro csepxno- 
TeHuna/ia n NAflH o6wmho ne OKMWifleTCH He- 
nocpeACtfteHHo na ndaepxMocTM snexTpoAa. 
HanpMMep, bo MHomx' cnyManx nosepxHOCTb 
snexTpoAa Sucrpo buxoamt m3 cxpoH ns-aa 
oSpasoBaHMfl na hbA n/ieHKni, xoTopasi oxasu- 
aaer invmnvie na sennwHy m cxopocTb aneicr- 
poxMMMMecKOft peaxuMM (1). 

npeAnpuHMMaflocb MHOJtcecTBO nonutoK 
npeoAO/ierb axy npoS/iewy. HanpwMep, 6biflo 
npeAtOJKeHO Mcnoflbsoaaxb MOAM<j>MMMpoBaH- 
HWe ajjeKxpoAbi. noKpwTbie cnoeu npoBOAfl- 
lyMx opraHMHecKMx coneft. Kpbwe xoro. 
npeAflara/iocb dcnOiibsoBaxb aAcopSiipoBaH- 
HbiSi peAOKC MeAMaxop, xaxoA xax Me/ibAO^a 

CMHMf*, A^« xoro, MX05bl 60/168 3«|K^eXXMBH0 

npMBXsaxb peaRMvito oxMCJieHMti k a/iekxpoAy 
v\/m\A ciHMStiixb OKMCiiMxe/ibHUft noxeHUMa/1 
(2), B APyrVix c/iyMaRx peAOxc MeAMaxopu mc- 
nonbSOBaiiM b cboBoahom pacxBope. Hanpw- 
Mep. MexoKCM <|>eHa3MH Mexocy/lb<|)aT 

MCnonbSOBaflM C MOAM<t>MUMpO?aMHb»M HMpO- 

'jiMXMHecKMM rpa(t>MxoBbiM aiiexxpoAOM. JXpf 
rue 9KcnepMMeHxu npoBoAn/in c nnaxMHoewM, 
rpa(t)MTOBbiM w cxeK/iJiHHWM yro/ibHWM ancKx- 
poAOM, oflHaKO cnoco6 6bicxporo m Bocnpona- 
BOAMMoro onpeAeneHMfl NAAH ne 6bi/i 
paapaSoxaH. 

Ue/tb Hdo6pexeMiin - noBuuieHMe onepa- 
UMOHHOfi cxaOn/ibHOcxM a/iexxpoAa. 

B cooxBexcxBMM c HacxofliUMM iiaoSpexe- 
HMM o6HapyjKiinM, mxo NAAH m NAAPH Moryr 
Cuxb OKMcneHM c xopoiuwM aMnepoMCxpuMC- 
CKMM oxBCXOM M npw noHMxcoHHOM nepCHan- 
pnxceHMM npii ncno/ibSOBaHMii a/iexxpoAa 
aKXMBupoBaHHoro yrflji xaxoro xnna, xoxopuf) 
Mtno/ibsyexcn e xexHO/iormi xonflMBHoro ane- 
MeHxa M KOxopbiW BKfliOMaex rexeporeHHwfi 
CBsaaHHwft CMO/ioft c/ioPi e/iaropoAHOro mc- 
xa/ina. coAepxatUn^ npeAnoMXuxenbHO nanna- 
Ai^P>ipoBaHHbie M/iM nyiaxMHM3iip08aHHbie 
(sixox xepMMH BKnipMaex Maxepnaiiu, coAepxca- 
utiie OKCMAu n/iaxMHu vi/mw nannapym mia 
o6pa30BaHHbie mmm. a xaxxe Maxepnaiiu, 
BKnioMaidmMe Mexan/iiiMecKMe nnaxMHy m/im 
nannaAMft wnw o6pa6oxaHHbie mmm) nacximw 
rpa()>Mxa mv\ yr/in, CBflsaHHue HaxypanbHOft 
vinw CMHxexMMecKOft cMonoi), npeAnoMXMxe/ib- 
HO CMHxexMMecKMM rMAPo*o6HbiM CBnayio- 
muM, xaxMM xax <|)xopoyrnepoAHafl CMona. 



Haneonee npeAnoMTMxeneH nonnxexpac^Topa- 

XM/ieH. 

C/ieAOBaxenbHo, no cbomm ornmmeiw,- 

HblM CBOI^CXBaM B COOXBeXCXBMM c HacxoniKUM 

5 M3o6pexeHMeM npeA^araexcB cnoco6 noflyMe- 
»m aneKxpoAa f\na KO/iMMecxBeHHoro d/iexx- 
poxMMMMecKoro onpeAefleHMfl NAAH m 

NAAPH, BK/IK>HaK)alMf» MOAM<t>l1KaHl1IO 3/ieKX- 

poAa M3 yr/iepoAHorq MaxepMa/ia npii noMOu\M 

10 aACopOuMM MaxepnajioB, Koxopue yMeHbiuaiox 
nepenanpuxeHMe a/ieKxpooKuc/inxeiibHoft pe- 
axuHM. l/lcno/ibsyiox cBusaHHuA cmo/ioA cnoCt 
MacxMU ApesecHoro yrnn vtnvi rpa<t)iixHbix nac- 
XMU pasMepoM ox 5 ao 30 hm b xaMecxae yr/ie- 

15 poAHoro Maxepi/ia/ia, a MacxMUbi n/iaxuHu mv\ 
nan/iaAMx, m/im okmc/iob n/iaxuHu mv\ nanna- 
pym KonnoMAHoro paaMepa ox 1,5 ao 2,5 hi^i 
McnoAbayiox b xawecxBe Maxepna/ioa, Koxopue 
CHVDxatox nepeHanpnjKeHne 3/i6KxpooKViciiM- 

20 Te/ibHO(^ peaKUMM. 

CBnsaHHbif^ CMonott cnoA niiaxuHvisMpo- 
aaHHbix mvt na/tnaAMM3MpoBaHHbix nacxiiii 
yr/in mv\ rpa(t>tixa M0)Kex Suxb caMocxojixenb- 
HUM, HO Macxo y Hero MNfeexcn noAnoxcxa, 

25 npeAnoMXMxenbHO aiiexxponpoaoAHafl i* 
npeAnoMXMxe/ibHo c/io« 9/ieKxponpoBOAHO« 
yroiibHoCH 6yMarti, c Koxopot^ CBRSaHbi n/iaxM* 
HMSMpoBdHKbie mvi na/inaAM3t^poBaHHue 
MacxMuu yrnn mw rpa«t>Mxa. xax noeepxHOdX' 

30 HbiA cnoR, M/1M npoHMxaHHan yro/ibnafl bO' 
flOKHMCxaji xxaHb. HecMoxpfl na xo, mxo 
npeAnoHXMxenbHb) nnaxtiHustipoBanHbie mi^ 
nannaA^anpoBdHNbte Maxepna/iu, mojkho mc- 
nonbsoeaxb m 9/ieKxpoAu v\3 axXMBupoBanHoro 

35 yr/ifl, coAepjxaiuMe Apyme enaropoAHwe mc- 
xa/iiibi, HanpMMep aofloxocoAepxtatutie. 

TepMMHbi "nnaxKHMSHpoBaHHuf)" 11 "nan- 
/laAMSMpoBaHHUt^" BKntoMatox xaxjxe m okcm- 

Abl. 

40 TepMMH'"aKXMBiipoBaHHbtft" yronb, "axxn- 

BMpOBaHHUA" rpa(t>MX 14 X.n. OXHOCSIXCfl K BblCO- 

KonopucxoMy, c Gofibuiofi nnomaAbX) nosepx- 
HocxM yroflbHOMy wnv\ rpa<|>MXOBOMy Maxepwa- 
ny.c nnomaAbK) noBcpxHOCXM 50 m /r iinvi 6o- 

45 nee,,, name egnbiiie . 200 tr/r, Hanpnwep 
20Q-6pOM*/r M/iM eoflbiue. Maxepwanw c 
xaxdi* b'onbujoft niriomaAbKJ riOBepxHOCTn no/i- 
yna/iM, Hanpuwep, nyxeM xennoBOft o5pa6oxKM 
yro/ibHux vinvi rpa()>uixHbix nopoiUKOB b noroKe 

50 cOa. 

KpoMe yxe nepeMMC/ieHMux npeviMy- 
luecxB. a MMeHHocxa6iinbHOCXM, BOCnpOMaBO- 
AMMOCXH u KopoxKoro BpeMeHM oxBexa, etufi 
OAHHM npeMMyiMecxBOM HacxonutMX Maxepna- 
55 /lOB flB/inexcx xp, mxo mx mo)kho Mcnoiibsoeaxb 
Ann oxcfiexcvtaaHuin xdHqeHxpauuM NAAH np\n 
cpasHMxenbHo Hnaxkix noxeHunanax, HanpM- 
Mep 0-600 mB, vim Aa>Ke npn oxprntaxe/ibHtix 
noxenuna/iax co cxaHAapxHWMii Ag/Ag CI 
3/ieKxpoAaMM. npoxMB 750 mB. ynoMUHasuii/ix- 



OTHOCMTe/IbHO H113KMM 06paTHHM TOKOM M nO" 5 rpaiMTa no eeCV COCraBilflPT in-T^Vro^w^ 

3/.eKTpoAW TaK)Ke xapaKrepnayKJicfl Cfla6oi» rpa<?MTa npSLri^^^^^^^ 

peaKUMe«HanoreHu.a..„oBxoABU4MeMacTH- ufert « coo^Xtb^^^^^^^^ 

Mbi TaKMeKaKMOMeBa«KMc;,OTa.MacTonpwyT- eaHHoro yM« rpai^ra HanTHeH^e 

npoTax^'' ^'^''''''"''^'''^•'''""•'''^^•'^^^ 6.aropoAHLMMeTa.Ztrp.Mep nr^^^^^^ 

noinr,«..^.-,^- '^'IM nannaAMeM. MnMMXCOOTBeTCTByiOlllMMMOK- 
.n^Tfnl ^"""^ Cl.AaMM.«nM30;,0T0MWaCTMUaKTiTBaHH^^ 

aiieKTpoAOB no MsoSpereHMK) pb^aiotcj, Mare- ro yr;,p rpa<t>MTa cocTaB/,«e™lTo% wca 

PMa/iM, KOTopwe Mcnonb3yK,TC« Kax aneKxpo- aKTMBupoBaHHoro yM^^nn SJra m ce' av 

3y.eKTpoAbiBTon/iiiBHbix3neMeHTax. BoSineM noHTMre/ibHee 4-6% ^^- ene npefl 

CTTul5-25Tr57r:M?^^ BMecTOHannaB.eHM«CMecMCMonB,cn.a- 

K Ko/inpMflHo« nflaTMHbi. m era Ae/ieHUH coAepjKaHup NAilH b Dacrannp 

ny,aTMHH3iipoBaHHb.e MacTHqb. yM« BHeAP«K)T BeHHoro onpeAeneHMfl KoJ^HeJ^BrNAn H 

MCnoflbSOBaHMe Apyrwx aHa/iorMMHbix Marepw- 

anOB All« nOAilOXtex, BKfllOMaiOmMX nopMCTHf* nJ^nnnZu 

CBflaaHHbift CMOiTOft c/ioei nnaTiiMMatipoBaH. 45 nMpyaar + NAJIH - '^^'''^P*''^""^ 

Hwx, nanAaflMMSMpoBaHHbix mvt coAepxomMx ^^^ax + imajih" ^ 

Apyroi^ 6/iaropoAHbi« Meran/i MacTnq rpaclniTa ^ ' 

.n. aKT.B.poBaHHOro yrn«. np^neM KOHTpc.poBaT. ary peaKUMK) mo>.ho 

c.3=r„=— ^^^^^^^ - 

CBn3UBaHii5? nflaxMHManpoBaHHwx vim na/ina- 

AMM3MpoBaHHbix MacTMM rpa<|)MTa m/im yr/i« sib- ^ ~ fl-'''"OK03a + NAflH r^iOKoaa 

/ifliOTCH rMApo<t>o6Hue (I)TopvicTo-yr/iepoAHue AernflporeHaaa 

CMOflw. BMacTHocTMno/iMTeTpa«|,Top3TMneH. 55 -^A-r/iioKOHOAaKTOM + NAilH 
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w/iM MMM0.6MnM30BaH Ha c/ioe nnaTUHMSMpo- saHHoro aKTMBuposaHHoro yronbHoro aneKT- 

saHHoro miA nafl/jaflMnanpoBaHHoro yronbHO- poAa. 

ro 3/ieKTpofla no HacTonmeMy w3o6peTeHMio c B cneflyromiix npuMepax ncnwTbiBa/in 

noMOiubK) nmdoffi nsBecTHOfl MeTOAHKM bkjiio- • pasnnMHue nnaTMHwanpoBaHHwe m/ih na/i/ia- 

HeHMfl <t)epMeHTa. 5 AHnawpoBaHHwe yro/ibHue BywaiKHbie (PCP) 

Eu4e B OAHOM BapnaHxe ocyiMecTB/ieHi/w 3/ieKTpoflu Ha mx otbct na NAflH b MOAi/i<t)n- 

HacTonmee M3o6peTeHMe coAepxMT sneKxpoA mipoBannbix cucreMax Pshk Kwc/iopoflHwx 

M cnoco6, B KOTopbix caw (l)epMeHTHbia sneKx- a/ieKTpoAOs, KaK noKaaaHO Ha (\>v\r. 1 , Mom<t>vf- 

pOA BKnKDMaer HCTO/lbKO MMM06M/lM30BaHHb!« UMpOSaHHafl P3HK CMCTewa COAep>KMT 3/ie- 

(t)epMeHT, HO TaKxe noAxoAnmMia KO<j)aKTop 10 MeHTM3flByxwacTePi:ocHpBHoro 3/ieKTpoAa(1) 

SToro (JjepMenra, nii6o NAflH, flMBo NAflH kbk m KO/ibueBoro Kowyxa (2). BK/iiowaiomMi^ boab- 

B ASHHOM cflynae, laKUM o6pa30M, <|)epMeHT- Hyio Kawiepy (3), nepea Koropyw MO^er qupKy- 

HbiCi aneKTpoA o5;iaAaeT cnoco6HOCTbio aneK- /iMpoBarb bors fxna pery/iMpoBaHMH 

TpMHecKM peampOBaxb Ha aKTMBHOCTb TeMneparypbi aneivieHTa, npunew o6e 9tm Mac- 

(|)epMeHTa, mto onpeAenneTC« no MSMeHeHHio 15 tw coeAWHeHW c noMombio HaBMHMMBaHun xo- 

KOHueHTpauMM NAAH npw KOHTaKxe c oSpas- Myra (4). Ro uenrpy oCHOBHoro aneKipoAa (1) 

UOM, HahpuMep KiiMHMMecKOi* M/iM BMO/iorn- pacnonowcHa nnaTMHOBan KOHxaKTHaa KHon- 

MecKOft npoBofi, coflep>iiaiAeft cooTBercT- Ka (5). Ha Koropyio noMeiueH McnbiTbisaeMwDi 

BytomiiPi cyBcrpaT n/in <|>epMeHTa, HeaasMCM- amck (6) m3 6yMa>KHoro sneKxpoAHoro MarepM- 

• MO OT Toro, coAep>KMT nw oBpaaeu HeoBxoAw- 20 ana m KOTOpwti yAep>KMBaeTcn na n/iaTHHoeoM 

MbiiJi Ko4>aKTop, TSK KaK ero nocTaB/iaer caw KOHTaKre c noMombK) pesMHosbix O-oBpasHUx 

sneKTpoA. m/im NMH Ko<J)aKTop MOKer ynnoTHMxerteii (7) n (8) bo speMn coeAMHennfl 

BuTb BK/i»OMeH B aneKTpOAflioBbiM noAXOAfluiMM Asyx Macreii a/ieweHTa. 

cnocoBOM. TaKMM KaK nponnTKa noAXOAaiMMW B eepxhePi nacTn a/ieMeHxa, KoropuPi co- 

patTBopoM NAA M/iM NAAH c noc/ieAyromefl 25 Aep«MT MtnuTbiBaewbii?! coAep>Kamvi« NAAH 

cyuiKofi, pacTBop. ycraHOB/ieH ynop (9), <J)MKCMpyeMbi« 

KaK M3BecTHO B rexHi/iKe, noaepxHOCTb pery/iMpyewbiM xoMyxoM (10), B ynop bmohtm- 

3fleKTpoAHoro Marepwana MO^er BuTb m/iw hb poaaH oBpaTHwft n/jarwHOBbift anexTpOA (1 1) n 

BbiTb saiMMtAeHa nopucTOPi neMBpaHOft. raKOH Ag/Ag CI aranoHHwl?! a/icKxpoA (12). Mcnbira- 

KaK no/iMKapBonaTHan n/ieHKa c paswiepoM 30 hmjj npoBOAfT npn noTeHitna/ie paBonero 

nop 0,03 MKM. Mojkho wcnonbSOBaTb m Apyrwe 3/ieKTpoAa OTHOCMrenbHO araflOHHoro Ag/Ag 

noAxoAfliMne NiaTepwanbi am* MCMBpaHbi. . CI 3/ieKTppAa b AwanasoHe 100-600 mB. Apy- 

Ha 4)Mr. 1 npeAcraB/ieH paapes MOAM«t)M- rue McnbitaHMn npoBOAST b AayxaJieKipoAHOM 

i4Mpo6aHHoro 3/ieKTpoxMMMMeckor'j sjieweHTa aneMenTe. B AByx3/ieKTpoAHOM aneweHTe 

Rank Brothers. KOTopuftMcnonbsOBaH Ann on- 35 aneKTpoAHbiCi Marepwa/i yAep«MBaeTca Ha 

peAe/ieHMJi OTBera NAAH aKTHsv poBaHHOro n/iarMHOBoPi KOHraKTHOti KHOnice na ochobb- 

yrPflbHoro a/ieKtpoAa b cooTBeTCTBun c wacTo- hum aneweHxa c noMOiAbio nonnKapBoHaTHOCi 

aiAMM MSOBpeTeHneM. (paswep nop 0,03 mkm) MewBpaHbi, na koto- 

Ha (t)Mr. 2 noKasaH OTBer sneKxpoAa Ha pyio noAaK>T oBpaaey, coAepKamnfl NAAH. 

noc/ieAOBare/ibHoe AoBaB/ieHne NAAH b 3/ie- 40" Ko/ibuesoPi 3TanoHHwJi Ag/Ag CI sneKTpoA 

MeHt ripM Mcnonb30BaHMM nnaTMHviSMpoBaH- pacnono>KeH BOKRyr n/iaTHHOBoro KOHTaKra b 

Horo yronbHoro 6yMa>KHoro a/ieKxpOAa (PCP) ocHoaaHMH sneweHTa m OTAeneH or Hero m3o- 

np HacTOJimeMy MsoBpereHMw; Ha (^v\r. 3 - ■ nupyiomeiS BTy/iKOfl. Ha sneMenT noAaiOT paa- 

OTBer siieKTpoAa PCP Ha NAAH npw pa3/iMM- Hoe HanpflxeHMe OTHOcwTenbHO araflOHHoro 

Hwx paBHOBeCHbix npreHUManax na Ag/Ag CI 45 aneKxpoAa m aanncbiaaiOT bwxoahoW tok npw 

3/ieKTpoAe; Ha <^wr. 4 - oraeT aneKxpoAa Ha pasHux Hanpfl>KeHMnx. 

nupOBMHOrpaAHyrck Kucnoxy b npucyxcxBMw HaoBpexeHwe wn/irocxpMpyexcn npwMepa- 

/laKxaxa AerviAPorenasbi (LDH); na 4)Mr. 5 - mm, b Koropux anexxpOAHw^ Maxepna/i npeA- 

oxaex ShSKxpoAa Ha auexa/ibAerwA B npucyx- cxasnnex coBofi n/iaxuHMSMpoBaHHyw 

,CtBMM a/iKoronbAerMAPoreHa3bi(AAH);Ha<t)Mr. 50 yro/ibHyra ByMary (PCP), paapaBoxaHHyK) kbk 

6 - oxBex n/iaxMHM3MpoBaHHbix yronbHbtx By- rasosbie AM4>tl>y3M0HHbie sneKxpOAw. PCP 
• MBKHux 3;ieKxpoAOB Ha KOHueHxpauMK) 3/ieKxpoAHbifi Maxepna/i no/iyMaiox no wexoAH- 

NAAH no HacxOHineMy M3oBpexeHMK); Ha (jn/ir. kb. no Koxopofi CHaHana n/iatMHUSMpyiox wac- 

7 - oxBcx 3/iekxpoAa Ha ntipoBMHorpaAHyro xmhw yro/ibHoro nopouiKa (Vulcan XC-72. 
KMC/ioxy; Ha (j>Mr, 8 - oxaex sneKxpoAa Ha 55 HOMWHanbHuft paawiep Macxwu 30 hm) c no- 
NAAH, nonyneHHyK) Ma Mecxe nyxeM <|>epMeH- Moutbio OKHcnuxejibHOfi AecxpyKUMw KOMn/iex- 
xaxMBHOro OKMC/ieHMJi rnioKOSbi AerwAPoreHa- ca cyyibtfwxa n/iaxMHU b npwcyxcxBMM 
3bi: Ha (t>vir. 9 noKaaaHd aHanorMMHasi KpviiBasi yro;ibHoro nopouiKa npM Mcno/tbsoaaHMM 
A/ifl aneKxpofta, cOAep>Kamero okcma njiaxM- H2O2. b peay/ibxaxe Merc KonnoMAHafl n/iaxiiHa 

. Hw; na <|>Mr. 10 - KpvtBan A"" nanflaAWMSMpo- c paSMcpoM Macxwu 1 .5-2.5 hm oca)KAaexcji na 



noBepxHocTb MacTwu yro/ibHoro nopoiUKa. 3a- 6omm«, oSpaTHuft m aranoHHwi^ aneKTpoflW - 
TCM n/iaTMHi/i3MpoBaHHb(« yroflbHud nopoiuoK KaK b npi/inepe 1. PaBoMnii a/ieKrpofl nMcer 
pacn/iaB/inioT m HannaenjiiOT Ha noeepxHOCTb noTeHuna/i 400 mB m Aaer nocroRHHuf* ciirHa/i 
rpa«|)MTM3MpoBaHHO« 3/ieKTponpoBOAHOji 40 mkA Bbiuie oSpatHoro. Roc/ie floSaafleHun 
yro/ibHoft 6yMarM, ncno/ibsyn 50% ot seca 5 2 eAUHtm Aj:iH (nencHb floujaflw) tok naflaer c 
nnaTMHM3iipoBaHHOftyroflbHo(H 6yMarH rio/iHT- Hawa/ibHoiS CKopocTbro 130 mkA/mmh ((j)Mr. 5) 
eTpa<|)Top3TMneHa b KanecTBe CBsiayioiuero, noKaauBau, hto iJjepMeHTaTHBHoe npeepame- 
rio/iyMeHHbiSi n/iaTMHM3MpoBaHHbiCi yro/]bHw« Hue aueTayibflerwfla b axaHo/i 3<(><|)eKTMBH0 of- 
6yMaxHbi« 3/ieKTpoflHbift Marepwafl MMcer c/iexMBaercfl Mepea nocpeflCTBO NAflH, 
To/iiMMHy O.I7O.5 MM, a nnaTMHM3Mpo8aHHb)fl 10 3iieKTpoxMMMHecKM CBj)3aHHoro c aneKTpo- 
c/io(^i 0,24 Mr. cM ... A^f McnuTaHMCi (npuMepu flOM. 

f-3)yronbHMj^6yMa)KHbiPi3/ieKTpOAHbi«MaTe- B c/ieAyiou^Mx npuMepax Mcno/ibsoeaHbi 

pnayi HapeaaiOT Ha ahckm AMaMeipoM 5 mm m niiBo flByxa/iexTpoAHbie. nnSo rpexaneKTpoA- 
yKpen/ifliOT Ha rniarnHMSMpoBaHHOM pa6o>4eM Hue SfleMeHTH. Tpexa/ieKxpoAHwe aneMenTbi 
3/ieKTpOAe, noxasaHHOM Ha <t>Mr. 1. B KajKAOM 15 nponH/iiocTpMpoBaHu Ha (pvtr, 1. 
pnyMae nnomaAb sneKxpofla m3 yro/ii.Ho« 6y- 

Marw. conpMKac|io.maflc« c oBpasMOM, cociaB- fl p n m e p 4 i^»r. 6). Aannwe no/ryHeHW 

flsjer 0,16 CM . no/iyMeHbi c/ieAyioiuMe npii ncno/ibsoBaHnn AByxs/iextpoAHoCi wnefi- 
peay/ibxaTbi. km, noflflpMsoBaHHoft npw 200 mB. Mcnonbsy- 

n p M M e p 1. 3/ieKTpoxMMMwecKoe okmc- 20 iot 6y<j>epHi.ift pacraop 16 MMo/ib//i NaH2P04. 
/lenne NA^H na n/iaTMHM3iipoBaHHo« yronb- 53 MMonb/n Na2HP0/i. 52 Mwonb/n NaCI, 1,5 
Hot» Syware (PCP). MMO/ib//j sTM/ieHAnaMMH TerpayKcycHoii kmc- 

Mcno/ibsyji cTaHAapTHyto noTeHquocTa- /iotw c pH 7.4. Roc/ie AOCTM>KeHiifl b stom 
TMMecKyHD MerOAMKy. oBpaauw 20 mM NARH 6y<l)epe craennbHoro o6paTHoro roxa 6y<t>ep 
pacTBopa B tpuc-HCI 6y4>epe c pH 9 Aodamm 25 ynanstmr c MeMBpaHbi m aaMenjiiOT o6pa3uoM 
9 3/ieMeHT. cOAepJKamna 2 m/i cmbcm 0.1 M NAAH 8TOM>Ke6y(})epe. c&nKcupyioTnMKOBwPi 
(t)oc<t)aTa c pH 7 M 1 M KCI 5y<t>epHOro pacTBO- tok. Ha <J)Mr. 6 noxaaaHbi OTBexbi n;iaxMHM3M- 
pa, nflaxMHM3MpoBaHHbi« yronbHbiW SyMax- poBanHoro yro/ibHoro SyMaxnoro 3/ieKxpoAa 
' Hbifl sflCKxpoA (PCP) noAflep«MBaiox noA hupMbi. KOTopbift BKmonaex CBHsaHHwe cmo- 
pasHbiMH noxeHqwa/iaMM no oxHomeHMio k 30 noOi nnaxHHMSMpoaaHHwe nacxnubi yr/in. na- 
axa/jOHHOMy Ag/Ag CI a/iexxpoAy. 06paxHbi« HeceHHue Ha s/ieKxponpoeOAHyio yro/ibnyio 
.MPKxpoA - nflaxuHOBbiJil. no/iywenw ynacx- 6yMa«HyK) noAno>KXy. npi/iMew CBfisaHHbii^ 
KM nc-r • -qHHorc xoxa [<t>vtr. 2), nponopuwo- CMonoCi nflaxuHiisMpoBaHHbiR yroflbHbiPt c/ioCI 
Ha/ibHbu ' OHqeHTpauMM NAAH (rae/iMqa n coAep«Mx no Macce 50% nonnxexpa^xopsxn- 
'^^f'-^) 35 /lena. 45% yr/iflxoHKoronoMO/ia (Vulcan XC72) 

n p ;i M e p 2. OxBex NAAH - a/iexxpoAHOft m 5% KOfl/ionAHoft nflaxiiHbi. npeABapure/ibHO 
CMCxeww K-a nMpoRMHorpaflHyK) KMC/ioxy b aACopBupoaaHHOfl Ha yro/ibHbiPi nopoiuoK. 
nowyTCTflviM naKxax ^lernAPoreHaaw (LDH) fl/m MUHUMnsauviti o6paxHoro xoxa aACop6M- ' 

!4cno>T.3VK)T awa/iornHNbivi 5,neMeHX, co- pyiox 5 mp/ma 5e/iKOBoro pacraopa (r/iiOK030- • 
AepJ^am'.-; \2.. ivAAH m 10 mM nupoan- 40 . OKcMAaaa) Ha anexxpoA b xeMenwe hohm nepeA 
HorpaAHOii KMcno « o ^ .^n pacfBOp? <{)oc<t)aTa naMepeHnew NAflH. CneAyex yxaaaxb Ha xo. 
B rzi 6y4»;-;pe c pri :ipM xeMnepaxype 25°C. hxo rnioKoaooKCWAaaa aa/iJiexcfl ^0AX0As^l^^lM 
PaooMi^is, epaxHufii n axa/iOHHwfi s/teKipoAw 6enKOM. 

X8Airte»ce. :.,iKBnpMMepe1. Pa6oHM<»3/ieKxpoA n p t. m e p 5 (^lAr. 7), 3xox npuMep 

• HaxotfM.\-« 'OA Hanpii>KeHkieM 400 mB m Aaex 45 nn/iiocxpupyeT npuMennMocxb Hacxonmero 
nocxo* H.-rM'3 cwma;! 170 mkA BUiue oBpaxHoro M3o6peTeHM« aha naMepeHnsi ncno/ibsyiomMx 
xorJ. noc/ie Ao6a8/ieHMq 120 eAMHMu LDH NAflH <l)epMeHX0B. Mcno/ib3yiox xpexa/iexx- 
(ceD.tiae ooiKa xwn XV) xok yweHbiuaexcfl c nep- pOAHyio flHeWxy, CHa6«eHHyio MamMXHOft Me- 
BOHavanbHoPicKopocxbio92MKA/MMM((l>wr.4). mayixofi. PaBoMuft a/icKxpoA npeACTaB/inei 
3x0 noKaauBaex. mxo c^epMeHxaxMBHoe npe- 50 co6oH nyiaxuHnaiipoBaHHyio yronbHyio Syna- 
BpameHHe nMpyeaxa b /laxxaM 3(t)({>eKTMBHo ry.KaKBnpMMepe4.HoL-/iaKxaxAerMAporeHa- 
OTCnejKMeaexcfl c nOMombto NAflH, s/ieKxpo- sy (EC 1.1.1.27 M3 KopoBbero cepAM?) 
XMMMMecKM coeAMHeHHOro c aflCKxpoAOM. BHeflpaiox B 3/jeKxpoA Hepea Kap6oAMMMMAHoe 

n p M M e p 3. OxBex NAflH-3/ieKxpoAHOPi coeAHHeHwe. 
CMCxeMw Ha aqexa/ibAerMA b npMcyxcxBUM an- 55 nepBOHana/jbHO «HefiKa coAepxwx 12 5 
Koro/ib AerMAPoreHaaw (AflH) Ha PCP 3/ieKx- ' MMo/ib//i NAflH b 6y^epM0M pacxeope 0,1 
P^'*® Monb/fl .(l)oc(t>axa m 1 MOflb/;i KCI c pH 7. 

B3/ieMeHTnoMeinaiox3MMNAflHM35MM . no/inpMsywmMM noxeHUMa/i cocxasnHex 
aueraflbAerwAa fi 2 m 6y(|)epHoro pacxaopa 350 mB. ycxpoCicxBo moxho McnonbaoBaxb • 
TpMC/HCI c pH 9 npM xeMnepaxype 25°C. Pa; mi oxcnexMsaHMB pacxoAa NAflH xorAa b 
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sneMeHT AoOaenniOT a;iiiKBOTu nupoBUHor- 
paAHoJi KMcnoTbi, KaK noKaaaHO Ha pucyHKC. 
n p M M e p 6 {i>v\r. 8). FlpHMep 5 noBTopn- 

lOT, 38 MCKfllOMeHMeM TQrO, MTO MMM06MflM30- 

BaHHyio yiaKTaTflernAporeHaay aaMeHBiOT 
rnioKoaoflerMflporeHaabiH (EC 1.1.1.47 us 
Bacillus sp., nocTaB/ineMyio Sigma, 100-300 
Ea/mp nporenHa), MMMoBMiinaoBaHHoW Ha 
ayieKTpoA raKUM )Ke cnoco6oM. B to apeMJi KaK 
yiaKTaTAeriiAporeHaay wcno/ibayiOT p^n onpe- 
AeneHun KO/iMMecTBa nupoBUHorpaAHOft kmc- 
noTbi nyrcM oTC/ioKHBaHwn pacxoAa NAAH 

nupyBST + NAAH -^nSKraj + NAfl 

r/iiOKoaOAerMAPoreHaay Mcno/ibsyiOT Ann on- 
peAe/ieHiin KonMMecTBa r/iroKoaw no Bbipa6oT- 
Ke NA^H 

^- fX- rntoKoaa + NAfl 

— > - rniOKOHonaKTOH + NAAH. 
3/ieMeHT coAep>KMT 0,1 Mo^b/yi (J)oc4>aTa, 
0,1 MonUn KCI, 2,4 MMOflb/fl NAA npn pH 7. 

n p M M e p 7 ((|)Mr. 9). no MeroAMKe 
npuMepa 4 buxoa c coAep>Kau4ero okcma 
n/iaTMHU yro/ibHoro a/ieKipoAa naMeparaT 
npn 200 mB (no OTHOUieuMKD k aranoHHOwy 
Ag/Ag CI aneKxpofly) b AeyxafleKipoAHOM a^e- 
MeHTe npn pas/inMHux KOHueHipauMflx NAAH. 
no/iyneH npaKTMHecKM nnHeftHWi^ OTBer, skbm- 
BaneHTHUi^ Towy. mto nonyMaiOT npii rniaTHHHSM- 
poaaHHbtx yro/ibHbix 6yMa>KHbix anexTpoAax. B 
3T0M cny^ae aneKxpoAHbift Marepnan bk/ikj- 
Maer cnoft cansaHHux cMonot^ (no/inTerpacJ)- 
.TopaTM/ie.H)yroflbHbixMacTiim, npn^eM 5% no 
Becy (oT o6tMero seca CBnaaHHUx cmo/ioa 
MacTMu) OKCMAa nnaTMHbi npeABapme/ibHO 
aACop6MpoBaHO na nacTMUbi yronbHoro no- 
pouiKa; cBnayiomee 50% no secy, yronb 45% 
no Becy. m cBnaaHHUx c noBepxHocibio ancKT- 
ponpoBOAHoCi Toray (roproBas MapKa) yro;ib- 
HoPi 6yMarM. 

n p M M e p 8 ((|)Mr. 10). Do MeroAUKe 
npwMepa 4 bwxoa tokb c nannaAnwanpoBaH- 
Horo yroiibHoro eynaxHoro ancKxpoAa Mane- 
p«i0T npw 200 mB (no OTHomeHMio Ag/Ag CI), 
Mcno/ibsyn AByxaneRTpoAHbii?! aneMCHT npn 
paa/iMHHbix KOHueHTpauMflx NAAH. B aTOM 
c/iywae raKJKe MMetOT nnHeCiHbii'i OTBex ((jjMr, 
10). SneKTpoAHbiCi MaTepwa/i, KaK onucaHO b 
npuwepe 7. wMeer cBaaaHHwe CMO/ioi'i Macrw- 
Ubi yrnn, KOTopwe BK/iioMaKiT 5% no aecy npeA- 
BapurenbHO aACopBMpOBaHHoPi n/iainHbi 
TOHKoro noMO/ia. 

B onwcaHHbix npMMepax npoACMOHCTpii- 
• poaaHO Mcno/ib30BaHMe aneKxpoAHux waxe- 
pua/iOB Rna npoBCAeHMn 6bicx'poro m 
BOcnpoM3BOAMMoro oKi/icneHMfl NAAH. 3tm 
oxBexbi anaMuixenbHO ox/inMaroxcH ox peay/ib- 
xaxoB, Koxopbie no/iyHaK>x c ApyrnwM a/ieKX- 
' pOAHbiMM Maxepna/iaMM. KaK noKaaano b 
cpaBHMxenbHbix npuMepax npii uicnonbsoBa- 
HMM nnaxMHw, cxeKnoyrnepoAa wan rpa<|)Mxo- 



Boro a/ieKxpoAHoro M3TepMana. KOTopue (aa 

peAKI/1M MCK/1K)HeHMeM) 06blMM0 Bn3Klie. OXHO- 

CMxenbHo HCMyBCTBHxe/ibHwe m anaHMxe/ibHO c 
xyAUJei^ BocnpoMaBdAHMOCTbw. npeAcraB/ifl- 

5 eXCJI, MXO 34)c|>eKTMBHOCTb MCnoyib30BaHHblX 

nnaxMHMSMpoaaHHMx na/tnaAMMSnpOBaH- 
Hbix yroyibHbix a/ieKxpoAOB nB/inexcn peaynb- 
xaroM MX rexeporeHHoPi cxpyKxypw m mx 

COBMeCXMMOCXM C 6M0fl0ri1MeCKMMM MOflCKyfla- 

10 MM, xaKiiMM KaK NAAH M (])epMeHTbi. OKHc/ie- 

HMC NAAH XaKXe 3(|)(|)eKTMBH.O npoxoAMT B 

npMcyrcTBMM <j)epMeHT0B m cy6cxpaTOB m mo- 
yuer QuTb McnonbsoBaHO b KanecTBe 6a3Mca 
Ann ObtcxporocBnsaHHoro c NAAH (}»epMeHTa- 

15 XMBHOrO MCCiieAOBaHMR. 3(t)«]>eKXMBH0CTb MCC- 

' /leAOBaHMR nupyBara (c McnonbaoBaHvieM 
LDH) M aMexanbAerMAa (c. ncno/ibaoBaHneM 
AAH) BMAHa M3 npuMepoB. ho 5o/ibuJoe Mwcno 
aHanomMHbix Mcc/ieAOBaHnPi mowho npoBe- 
20 CTM. Mcno/ib3yn Apyme (fjepMenxy m cy6cxpa- 

TU, 

TOKOBblCi OXBex n/iaXMHM3Mp0BaHH0fi 

yro/ibHoPi 6yMarM na KOHueHxpauMio NAAH 
npw paa/iMMHbix paaHOsecHbtx noxeHUManax^ 
25 O o p M y a M 3 o 6 p.e X e H M n 

1. Cnoco6 npMroTOB/ieHMn a/ifeKxpoAOB 
Ofltt KOflHMecTBeHHoro a/ieKTpoxMMMMecKoro 
onpeAeneHtifl 1 ,4-AMri4AP0HiiK0TMHaMMAa 
BAeHMH AMHyKfleoxMAa (NAAH) b pacxBope. 

30 BKAioHaioiAMii:^ MOAM()>MKauMio aneKxpoAa m 
yrnepoAHoro Maxepnana nyxew aACopOynn bb- 
mecTB, cHM>KaioiAMx nepeHanpfOKeHun b peaK- 
UMM 3;ieKxpooKMC/ieHMfl, ox/iMMaraiMMJ*- 
c n IBM, Mxo, c uenbK) nOBbiiueHnq onepaqvi- 

35 OHHoCi cxa5M;ibH0CTH a/ieKxpoAa. b Kaiecxee 
yr/iepOAHoro Maxepwana ncno/ibsyiox csnasH- 
Hbii^ CMO/ioi^ c/ioC^ yro/ibHwx i/i/in rpa<t)MX0Bi>.x 
MBCxuLi pasMepoM 5-30 hm, a b KanecxBe ee- 
lAecTB, cHM>KaK3iMvix nepeHanpn>KeHi4e peaK- 

40 UMvi aiieKxpooKMC/ieHMfi, Mcno/ibsyrox nacxMUbi 
n/iaxMHu vim na/inaAMn Ko/inoi/iAHoro pasMepa 
1.5-2.5 HM, 

2. CnocoS non. 1, ox/ii/iHaioiAM(^cfl 
xeM, MXO B KBMecxBe CMOAbi Mcno/ibsyidx nonwx- 

45 expact)xop3TM/ieH. 

3. CnocoB no n. 1, pxnnHaioiuMPicfl 
TCM, MXO cnfiaaHHbiCi cmo/ioPi c/ioi^ yronbHux 

M/IM rpa(|)MTOBUX MaCXMU c aAC0p6Mp08aHHbl- 

MM MacxMuaMM Mexanna wnv\ okmch Meran/ia 
50 HaHOCflT Ha noBepxHocxb aneKxponpoaoAfl- 
lAero noAioxteMHoro cnon, npeACxaB/isiK)me- 
ro co6oi?l 3/ieKxponpoBOAHyio yr/iepoAHyio 
SyMary. 

4. Cnoco6 no nn. 1 M 3. o x n m m a K> m vi t^- 
55 c n xeM, mxo na nosepxHocxn aneKxpoAa mm- 

Mo6M/ii/i3yiox NAD-3aBMCHMbi(i <pepMe»i. 

5. CnocoB non.4, ox/inMaKJUHnC^cn 
XBM. MXO Ha noBepxHOcxM a/iCKxpoAa Aono/inn- 
xe/ibHO MMMofiMnwayrox Ko4>aKxop NAD h/im 
NADH. 
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(57) Abstract 

A method is disclosed for the quantitative determination of 1,4-dihydronicotinaraide adenine dinucleotide (NADH) 
in solution. The method comprises contacting the NADH-containing solution with an activated carbon electrode, main- 
taining the carbon electrode at a controlled, fixed potential effective to cause oxidation of NADH at the electrode surface, 
and measuring the current output from the carbon electrode, wherein there is used a noble metal containing preferably 
platinised or palladised activated carbon electrode comprising a porous, heterogeneous, resin-bonded layer of activated 
carbon or graphite particles comprising the finely divided noble metal preadsorbed thereon, and bonded together with a 
natural or synthetic resin binder, preferably a hydrophobic resin such as polytetrafluoroethylene. 
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1 

AMPEROMETRIC METHOD FOR THE QUANTITATIVE 
DETERMINATION OF 1,4-DIHYDRONICOTINAMIDE ADENINE 
DINUCLEOTIDE (NADH) IN SOLUTION 

5 This invention relates to a method for the quantitative determination 

of 1,4-dihydronicotinamide adenine dinucleotide (NADH) in solution. 

NADH and its oxidised counterpart NAD are cofactors in numerous 
enzyme catalysed redox reactions. In some, an enzyme substrate is oxidised 
in the presence of cofactor NAD and a suitable oxidase or dehydrogenase to 
10 yield NADH in solution; in others an enzyme substrate is reduced in the 
presence of cofactor NADH to yield NAD in solution. In many cases, 
determination of the NADH concentration can be used as an indicator of 
substrate concentration, or as a means of following the course of an enzyme 
reaction involving NADH (or NAD). 
15 It is known that NADH concentration in solution can be measured 

colorimetrically, but colorimetric methods on the whole are disadvanta- 
geous. Much more advantageous are electrochemical methods, but attempts 
to determine NADH electrochemically have so far not met with any very 
great degree of success. It is known, for example, that NADH concentration 
20 can be determined by an amperometric assay in which NADH is oxidised at 
an electrode at a fixed, controlled, potential, the current passing under 
suitable conditions being proportional to NADH concentration. Unfortu- 
nately the electrochemical oxidation of NADH requires a high overpotential, 
and the NADH is generally not oxidised cleanly at the electrode surface; for 
example, in many cases the surface of the electrode is quickly fouled by 
formation of a surface film which affects the size and speed of the electro- 
chemical response: I. Moiroux and P.J. Elving, J. Amer. Chem. Soc. (1980) 
102 , 6533-6538, and D.G. Johnson, M.D. Ryan and G.S. Wilson, Analyt. 
Chem. (1986) 58, 42R. 

There have been many attempts to avoid these problems. For 
example, it has been proposed to use modified electrodes coated with a 
layer of conducting organic salts; J.J. Kulys, Biosensors (1986) 2, 3-13. 
Alternatively it has been proposed to use an adsorbed redox mediator such 
as Meldola's blue to couple the oxidation reaction more effectively to the 
electrode and/or to lower the oxidation potential: L. Gorton et al., J. 
Electroanalyt. Chem. (1984), 161, 103-20. In another proposal redox 
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mediators have been used in free solution. For example, methoxy phenazine 
methosulphate has been used with a modified pyrolitic graphite electrode: 
Y. Kimura and K. Nihi, Analytical Sciences (1985), 1, 271-4. Other 
experiments have been carried out with platinum, graphite and glassy carbon 
5 electrodes, but as yet no electrochemical method for the determination of 
NAOH has been developed which is both rapid and reproducible. 

In accordance with the present invention it has been discovered that 
. NADH can be oxidised cleanly, with good amperometic response, both in 
buffer solutions containing NADH alone, and in solutions containing enzyme, 

10 enzyme substrate and NADi-i, using an activated carbon electrode of a type 
used in fuel cell technology and comprising a heterogeneous resin-bonded 
layer of noble metal, containing, preferably platinised or palladised (which 
terms as used herein include materials containing or treated with platinum 
and/or palladium oxidey as well as materials containing or treated with 

15 platinum or palladium metal) carbon or graphite particles bonded with a 
natural or synthetic resin binder, preferably a synthetic, hydrophobic binder, 
such as a fluorocarbon resin, most preferably polytetrafluoroethylene. 
Preferably a platinised or palladised activated carbon electrode is used in 
which the carbon or graphite particles are platinised or palladised by 

20 adsorbing or depositing colloidal platinum or palladium metal, or platinum or 
palladium oxide, onto the surface of the powder particles before bonding, 
the resultant electrode comprising a heterogeneous porous activated carbon 
powder layer with colloidal pla;tinum or palladium, or the corresponding 
oxides, distributed substantially uniformly throughout the layer. The resin- 

25 banded layer of platinised or palladised activated carbon or graphite 
particles may be self-supporting, but will usually be supported by a support 
member, preferably an electrically conductive support member, and prefer- 
ably a layer of electrically conductive carbon paper to which the platinised 
or palladised carbon or graphite particles are bonded as a surface layer, or 

3Q impregnated into a carbon fibre web. Whilst the platinised and palladised 
materials are preferred, other noble metal containing activated carbon 
electrodes, e.g. gold containing electrodes, may be used. 

Herein, the terms "platinised" and "palladised"^ include the oxides 
unless the context requires otherwise. 

35 Also herein, the terms "activated" carbon, "activated" graphite, etc. 

refer to highly porous, high surface area carbon and graphite materials 
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having surface areas of 50 m'/g or greater, and more usually in excess of 
200 m'/g, e.g. from 200 to 600 m'/g or higher. Such high surface area 
materials are obtained, for example, by heat treatment of carbon or 
graphite powders in steam or CO2 to give a high surface area product 
5 generally referred to in the art as "activated carbon". 

Quite apart from the stability, reproducibility, and rapid response 
times already mentioned, a further particular advantage of the present 
materials is that they can be used to monitor NADH concentrations at 
relatively low potentials, e.g. in the range 0 to 600 mV or even at negative 
10 potentials with reference to the standard Ag/AgCl reference electrode, as 
against the 750 mV and upwards required to monitor NADH concentrations 
using glassy carbon or graphite electrodes. The present electrodes are thus 
characterised by relatively low background current, and hence improved 
sensitivity. The electrodes are also characterised by their low response to 
15 potentially interfering species, such as uric acid, frequently present in 
biological or clinical samples. 

The preferred electrode substrates used in accordance with this in- 
vention are, in fact, commercially available materials sold by the Prototech 
Company of Newton Highlands, Massachussets, and used heretofore as elec- 
20 trocatalytic gas diffusion electrodes in fuel cells. The preparation of such 
materials is described in detail in US-A-4,044,193, US-A-4,166,143, US-A- 
4,293,396 and US-A-4,478,696, to which reference should be made for full 
details. In broad detail, however, colloidal platinum with a particle size in 
the range 15 to 25 Angstroms (1.5 to 2.5 nm) is adsorbed onto the surface of 
25 powdered carbon (particle size 50 to 300 Angstroms : 5 to 30 nm), for 
example, by formation of a platinum sol in situ in the presence of powdered 
carbon which acts as a nucleating agent for the sol. The platinised carbon 
particles are then moulded onto an electrically conductive supporting 
structure, e.g. electrically conductive carbon paper, using a synthetic resin 
30 binder, preferably a fluorinated hydrocarbon resin, and especially polytetra- 
fluoroethylene. Alternatively, platinum or palladium oxide having a similar 
particle size range may be used in place of the colloidal platinum, and 
adsorbed onto the carbon or graphite particles in a similar manner. 

In an alternative, disclosed in US-A-4,293,396, the platinised carbon 
35 particles are impregnated into a preformed porous carbon cloth and bonded 
therein using the fluorocarbon resin, preferably polytetrafluoroethylene. It 
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is to be understood, however, that the present invention is not limited to the 
use of Prototech materials, but embraces other similar substrate materials 
comprising a porous resin-bonded layer of platinised or palladised, or other 
noble metal containing activated carbon or graphite particles. 
5 ' Whilst the preferred resin binders used to bind the platinised or 

palladised carbon or graphite particles are h/drophobic fluorocarbon resins, 
particularly {iolytetrafluoroethylene, other suitable natural or synthetic 
resin binders may be used, for example polyethylmethacrylate, polyvinyl 
acetate, polyvinyl chloride, polycarbonates, poly(4-methylpentene-l) poly- 

10 isoprene, polychloroprene, poly(l,J-butadiene), silicone rubber and gelatin. 

The proportion of binder to the noble metal containing activated 
carbon or graphite particles, on a weight basis, may range from 10 to 75% 
binder and 90 to 25% activated carbon or graphite, preferably 20 to 5Q% 
binder and, correspondingly, 80 to 50% activated carbon or graphite. The 

15 loading of noble metal, e.g, platinum or palladium or their corresponding 
oxides, or gold, on the activated carbon or graphite particles may range 
from I to 10% based on the total weight of activated carbon or graphite and 
binder, preferably from 2 to 8%, most preferably from 4 to 6%. 

Instead of moulding the resin/activated platinised or palladised 

20 carbon powder directly onto the surface of a suitable support, e.g. directly 
onto the surface of electrically conductive carbon paper, the mixture of 
binder and platinised or palladised carbon powder may be suspended in a 
suitable inert medium, and applied to the surface of the substrate by a 
screen printing technique, thereby providing a thin film of resin-bonded 

25 platinised or palladised carbon particles on the surface of the substrate. 

As well as the direct quantitative measurement of NADH in solution, 
the electrodes and process of the present invention may be used in the 
quantitative determination of NADH generated or consumed in situ for 
example by the enzymatic reaction between an enzyme and its cofactor. 

30 Such reactions include for example the conversion of pyruvate to lactate by 
lactate dehydrogenase^ i.e. the reaction 

pyruvate NADH ^^'^^^'^^ dehydroqenase ^ ^^^^^^^ ^ 

35 which reaction may be monitored by the decrease in NADH concentration; 
and the oxidation of glucose to gluconolactone by the reaction 
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B-D-glucose + NAD g;"^"^^^^^^^^ D-gluconolactone + NADH 

which can be monitored by the increase in NADH concentration as the 
5 reaction proceeds. To this end the activated platinised or palladised carbon 
electrodes used in accordance with this invention may have an enzyme such 
as lactate dehydrogenase or glucose dehydrogenase incorporated into or 
immobilised onto the resin-bonded carbon layer by any of the enzyme 
immobilization techniques known in the art and taught for example in EP-A- 
10 0 247 850. 

In a further modification of this concept the present invention also 
envisages a one off, disposable enzyme electrode and method in which the 
enzyme electrode itself comprises not only the immobilised enzyme, but 
also the appropriate cofactor for that enzyme, either NAD or NADH as the 
15 case may be, the enzyme electrode thus having the capability of responding 
amperometrically to the activity of the enzyme, as determined by the 
change in NADH concentration, when in contact with a sample, e.g. a 
clinical or biological sample, containing the relevant substrate for that 
enzyme, irrespective of whether that sample contains the necessary co- 
20 factor, since that is supplied by the electrode itself. The NAD or NADH 
cofactor may be incorporated into the electrode in any suitable manner such 
as impregnation with a suitable solution of either NAD or NADH and drying. 

As is also well known in the art, the surface of the electrode material 
may or may not be protected by a porous membrane, such as a polycar- 
25 bonate film having a pore size of for example about 0.03 |im. Other suitable 
membrane materials may also be used. 

The invention is further described with reference to the accom- 
panying drawings, in which: 

Figure 1 is a diagrammatic section through a modified Rank Brothers 
30 electrochemical cell used to test the NADH response of the activated 
carbon electrodes in accordance with this invention; 

Figure 2 shows the electrode response to successive additions of 
NADH to the cell using a platinised carbon paper (PCP) electrode according 
to this invention; 

35 Figure 3 shows the response of the PCP electrode to NADH at 

various poising potentials versus the Ag/AgCl reference electrode; 

Figure 4 shows the response of the electrode to pyruvic acid in the 
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presence of lactate dehydrogenase (LDH)j 

Figure 5 shows the response of the electrode to acetaldehyde in the 
presence of alcohol dehydrogenase (ADH); 

Figure 6 is another graph showing the response of platinised carbon 
5 paper electrodes to NADH concentration in accordance with this invention; 

Figure 7 shows the results of another experiment involving the 
response of the electrodie to pyruvic acid; 

Figure 8 shows the response of the electrode to NADH produced in 
situ by the enzymatic oxidation of glucose using glucose dehydrogenase 
10 Figure 9 shows the similar response curve for a platinum oxide 

containing electrode; and 

Figure 10 shows the response curve for a palladised activated carbon 
electrode. 

In the following Examples, various platinised or palladised carbon 

15 paper (PCP) electrodes were tested for their response to NADH in a 
modified Rank oxygen electrode system (Rank Brothers, Bottisham, 
■Cambridge) and as shown iii the accompanying drawings (Figure 1). The 
modified Rank celt system comprises a two-part cell having a base (1) and 
an annular jacket (Z) enclosing a water chamber (h), through which water 

20 may be circulated to control the temperature of the cell, the two parts 
being connected together by the captive threaded collar (3). Centrally 
located in the base (1) is a platinum contact button (d) onto which is placed 
the test disc (a) of paper electrode material and which is held in place on 
the platinum contact by rubber Q-ring seals (e) and (f) when the two parts of 

25 the cell are coupled together* 

Inserted into the top of the cell, which of course will contain the test 
NADH-eontaining solution, is a stopper (4) supported by an adjustable collar 
(g) and in which are. mounted a platinum counter electrode (b) and an 
Ag/AgCl reference electrode (c). The tests were carried out with the 

30 working electrode poised at various potentials in the range 100 to 600 mV 
with reference to the Ag/AgCI electrode. Other tests were carried out in a 
two electrode cell as illustrated in Figure 16 of EP-A-0 247 850 and as 
described therein in detail. In the two electrode cell embodiment, the 
electrode material is held against a platinum contact button in the base of 

35 the cell by means of a polycarbonate (0.03 jim pore size) membrane and to 
which the NADH containing sample is applied. Surrounding the platinum 
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contact, in the base of the cell, but separated therefrom by an insulating 
sleeve is an annular Ag/AgCl reference electrode. The electrode cell is 
polarised at various potentials relative to the Ag/AgCl electrode and the 
output current monitored at various potentials. 
5 The invention is illustrated by the following Examples in which the 

electrode material is a platinised carbon paper (PCP) as supplied by the 
Prototech Company of Newton Highlands, Massachusets and developed by 
them as gas diffusion electrodes. The PCP electrode material is prepared 
according to the teachings of US-A-4,044,193 by initially platinising carbon 

10 powder particles (Vulcan XC-72), nominal particle size 30 nm) by the oxida- 
tive decomposition of a complex platinum sulfite acid in the presence of the 
carbon powder using H2O2, thereby to deposit colloidal platinum, particle 
size 1.5 to 2.5 nm, on the surface of the carbon powder particles. Following 
platlnisation, the platinised carbon powder is subsequently moulded and 

15 bonded onto the surface of a commercial, graphitised electrically conduc- 
ting carbon paper using approximately 50% by weight, based on platinised 
carbon powder, of polytetrafluoroethylene as the binder. The resulting 
platinised carbon paper electrode material has a thici<ness in the range 0.1 
to 0.5 mm, and a platinum loading of 0.24 mg.cm-2. For the purpose of the 

20 following tests (Examples 1 to 3), the carbon paper electrode material was 
cut into 5 mm diameter discs and mounted on the platinised working elec- 
trode of the cell system shown in Figure 1 of the accompanying drawings. 
The actual area of the carbon paper electrode exposed to the sample in each 
case is approximately 0.16 cm'. 

25 The results obtained are as follows: 

EXAMPLE 1 

Electrochemical oxidation of NADH on platinised carbon paper (PCP) 

Using a standard potentiostatic technique, samples of a 20 mM NADH 

30 solution in Tris/HCl pH 9 buffer were added to the cell containing 2 ml of 
0.1 M pH 7 phosphate/1 M KCl buffer solution. The platinised carbon paper 
electrode (PCP) was poised at various potentials with respect to the 
Ag/AgCl reference electrode. The counter electrode was platinum. Stable 
current plateaus were obtained (Figure 2) which were proportional to NADH 

35 concentration (Table 1 and Figure 3). 



Table 1 

Current response of platinised carbon paper 
to NADH at various poising potentials 



NADH Concentration/mM Current Output in uA at 

100 mV 300 mV 600 mV 
7 15 28 

13 25 53 

32 73 
38 42 113 

52 183 

60 

EXAMPLE 2 

Response of NADH-electrode system to pyruvic acid in the presence of 
lactate dehydrogenase (LDH) 

A similar cell was set up containing 12.5 mM NADH and 10 mM 
pyruvic acid in 2 ml of pH 7 phosphate/KCl buffer at 25''C. The working, 
counter and reference electrodes were as in Example 1. The working 
electrode was poised at 400 mV and gave a steady signal of 170 |iA above 
background. On addition of 120 units of LDH (bovine heart Type XV) the 
current decreased, at an initial rate of 92 [lA/min (Figure 4) showing that the 
enzymatic conversion of pyruvate to lactate is efficiently monitored via the 
agency of NADH electrochemically coupled to the electrode. 

EXAMPLE 3 

Response of NADH-electrode system to acetaldehyde In the presence of 
alcohol dehydrogenase (ADH) on a PCP electrode 

The cell was set up containing 3 mM NADH and 35 mM acetaldehyde 
in 2 ml of pH 9 Tris/HCl buffer at 25''C. The working, counter and refer- 
ence electrodes were as in Example 1. The working electrode was poised at 
400 mV and gave a steady signal of 40 jiA above background. On addition of 
2 units of ADH (equine liver) the current decreased at an initial rate of 
130 [lA/min (Figure 5) showing that the enzymatic conversion of acetalde- 
hyde to ethanol is efficiently monitored via the agency of NADH electro- 
chemically coupled to the electrode. 



0.95 
1.8 
2.7 
4.0 
6;6 
10.0 
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In the following examples either a two electrode cell or a three 
electrode cell configuration was employed. The three electrode cell was as 
herein described and illustrated in Figure 1. The two electrode cell was 
identical in construction to that shown in Figure 16 of EP-A-0 247 850 to 
5 which reference should be made for further details. 

EXAMPLE 4 (Figure 6) 
The data was compiled using the two electrode configuration polar- 
ised at 200 mV. A buffer of 16 mmol/L NaH2P04, 53 mmol/L Na2HP04, 

10 52 mmol/L NaCI, 1.5 mmol/L ethylenediamine tetraacetic acid, pH 7.4, was 
used. After achieving a stable background current in this buffer, the buffer 
was wiped off the membrane and replaced with samples of NADH in the 
same buffer. The peak current was recorded. Figure 6 shows the responses 
from a platinised carbon paper electrode as commercially available from the 

15 Prototech Company and comprising resin-bonded platinised carbon particles 
deposited on an electrically conductive carbon paper backing sheet, the 
resin-bonded platinised carbon layer comprising, on a weight basis, 50% 
polytetrafluoroethylene, 45% finely divided carbon (Vulcan XC72) and 5% 
colloidal platinum preadsorbed onto the carbon powder. To minimise the 

20 background current a 5 mg/ml protein solution (glucose oxidase) was ad- 
sorbed onto the electrode overnight prior to NADH measurements. It should 
be noted that the glucose oxidase is merely an example of a suitable protein. 

EXAMPLE 5 (Figure 7) 

25 This illustrates the applicability of the invention to measurement of 

the substrates of NADH-utilizing enzymes. A three electrode cell was used 
as previously described but equipped with a magnetic stirrer bar. The 
working electrode was platinised carbon paper as in Example 4, but L- 
lactate dehydrogenase (EC 1.1.1.27 from beef heart) was immobilised to the 

30 electrode via carbodiimide coupling, see EP-A-0 247 850, but using a 
1 mg/ml solution of lactate dehydrogenase (from Sigma Chemicals, type XV, 
500 units per mg protein). The cell contained 12.5 mmol/L NADH initially, 
in 0.1 mol/L phosphate/1 mol/L KCl buffer, pH 7. The polarising potential 
was 350 mV. The apparatus could be used to monitor the consumption of 

35 NADH when aliquots pyruvic acid were added to the cell, as shown in the 
Figure. 
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EXAMPLE 6 (Figure 8) 
Example 5 was repeated except that the immobilised lactate dehy- 
drogefrase was replaced by glucose dehydrogenase (EC 1.1.1.47 from Bacillus 
• spp, supplied by Sigma, 100-300 U/mg protein) immobilised onto the 
5 electrode in a similar manner. Whereas lactate dehydrogenase is used to 
measure pyruvic by monitoring NADH consumption 

pyruvate + NADH > lactate + NAD 

10 the glucose dehydrogenase is used to measure glucose by following NADH 
productions 

3-D-glucose + NAD ' — — ^ D-gluconolactone + NADH 

15 The cell contained 0.1 mol/L phosphate/0.1 mol/L KCl/2.4 mmol/L NAD, 
pH7. 

EXAMPLE 7 (Figure 9) 
Following the procedure outlined in Example 4, the current output of 

20 a platinum oxide, containing carbon electrode is measured at 200 mV (against 
a Ag/AgCl reference electrode) in a two electrode cell at various NADH 
concentrations, and shows a substantially linear response equivalent to that 
of the platinised carbon paper electrodes. In this case the electrode 
material comprises a layer of resin-bonded (polytetrafluoroethylene) carbon 

25 particles (Vulcan XC72) having 5% by weight (based on total weight of the 
resin-bonded particles) platinum oxide preadsorbed onto the carbon powder 
particles; binder 50% by weight, carbon 45% by weight, and bonded to the 
surface of electrically conductive Toray (trade mark) carbon paper. 

30 EXAMPLE 8 (Figure 10) 

Once again, following the procedure outlined in Example 4, the 
current output of a palladised carbon paper electrode is measured at 200 mV 
(against Ag/AgCl) using the two electrode cell configuration at various 
NADH concentrations. Once again the response (Figure 10) is substantially 

35 linear. The electrode material is as described in Example 7 save that the 
resin-bonded carbon particles comprise 5% by weight preadsorbed finely 
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divided palladium. 

The above Examples demonstrate the use of the electrode materials 
to produce a rapid and reproducible oxidation of KADH. These responses 
are in marked contrast to those given by most other electrode materials, as 
demonstrated in comparable experiments using platinum, glassy carbon, or 
graphite electrode materials, which (with rare exceptions) are generally 
sluggish, relatively insensitive, and of much poorer reproducibility. The 
effectiveness of the platinised or palladised carbon electrodes we have used 
appears to be a result of their particular heterogeneous structure and its 
compatibility with biological molecules such as NADH and enzymes. The 
oxidation of NADH also proceeds efficiently in the presence of enzymes and 
substrates, and can be used as a basis for rapid NADH-coupled enzymatic 
assays. The potential for efficient assay of pyruvate (using LDH) and 
acBtaldehyde (using ADH) is clear from the above Examples, but a very 
large number of similar assays are also accessible using other enzymes and 
substrates. 

Although the invention has been described herein solely with refer- 
ence to the determination of NADH in solution, phosphorylated 1,4-dihydro- 
nlcotinamide adenine dinucleotide (NADPH), i.e. phosphorylated NADH, may 
be determined by exactly the same technique. Moreover, since NADPH (or 
NADP) is a cofactor in a selected group of enzyme catalysed reactions, 
rather than NADH (or NAD), the technique of this invention enables such 
reactions to be monitored in exactly the same way, i.e. by amperometrically 
determining either the consumption or the production of NADPH in solution. 
Thus all references herein to NADH, or NAD, are to be taken to include the 
phosphorylated derivative unless the context requires otherwise. 
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12 
CLAIMS 

1. A method for the quantitative determination of 1,4-dihydronicotin- 
amide adenine dlnucleotide (NAOH) in solution which comprises contacting 
5 . the NADH-containing solution with an activated carbon electrode, maintain- 
ing the carbon electrode at a controlled, fixed potential effective to cause 
oxidation of NADH at . the electrode surface, and measuring the current 
output from the carbon electrode, wherein there is used a noble metal 
containing activated carbon electrode comprising a porous, heterogeneous, 
10 resin-bonded layer of activated carbon or graphite particles having finely 
divided noble metal or the corresponding oxides preadsorbed onto the 
activated carbon or graphite particles, and bonded together with a natural 
or synthetic resin binder. 

15 2. A method according to claim 1, wherein said resin binder is a fluoro- 
carbon resin. 

3. A method according to claim 2, wherein said fluorocarbon resin is 
polytetrafluoroethylene. 

20 

4. A method according to any one of claims 1 to 3, wherein the resin- 
bonded noble metal containing carbon or graphite particles are formed as a 
resin-bonded surface layer on an underlying support member. 

25 5. A method according to claim 4, wherein the underlying support 
member is electrically conductive. 

6. A method according to claim 5, wherein said electrically conductive 
support member is a layer of electrically conductive carbon paper to which 
30 said noble metal containing carbon or graphite particles are bonded as a 
surface layer. 



7. A method according to any one of claims 1 to 3, wherein the resin- 
bonded noble metal containing carbon or graphite particles are impregnated 
into and supported by a carbon fibre web. 
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8. A method according to any one of claims 1 to 7, wherein said noble 
metal containing carbon or graphite particles have a particle size in the 
range 5 to 30 nm. 

5 9. A method according to any one of claims 1 to 8, wherein said carbon 
or graphite particles are pre-platinised or pre-palladised particles having 
finely divided platinum or palladium, or the corresponding oxides, preadsor- 
bed onto the graphite or carbon particles. 

10 10. A method according to claim 8, wherein there is used a platinised or 
palladised carbon electrode comprising as said pre-platinised or pre-palla- 
dised carbon or graphite particles, carbon or graphite particles having 
particles of colloidal platinum or palladium metal pre-adsorbed onto the 
surface thereof, said colloidal platinum or palladium particles having a 

15 particle size in the range 1.5 to 2.5 nm. 

11. A method according to any one of claims 1 to B, as applied to ■ 
monitoring the production or consumption of NADH in an enzymatic 
reaction between an enzyme and its substrate and involving either NADH or 

20 NAO as a cofactor. 

12. A method according to claim 11, wherein there is used a noble metal 
containing carbon electrode having said enzyme incorporated or immobilised 
thereon or therein, and in which the electrode is used to monitor the 

25 activity of the enzyme via the change of NADH concentration when the 
electrode is in contact with a sample containing the enzyme substrate and in 
the presence of either NAD or NADH as a cofactor involved in the reaction 
between the enzyme and its substrate. 

30 13. A method according to claim 12, wherein there is used a noble metal 
containing electrode having said enzyme incorporated or immobilised there- 
on or therein in conjunction with the NADH or NAD cofactor, as appropri- 
ate, the NADH or NAD cofactor thus being introduced into the sample via 
the electrode. 

35 

14. A one off, disposable enzyme electrode for use in the method of 
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claim 15^ comprising aa activated carbon electrode consisting of or compri- 
sing a porous, resin-bonded heterogeneous layer of activated carbon or 
graphite particles having a finely divided noble metal, or the corresponding 
oxide, preadsorbed onto the activated carbon or graphite particles, and 
5 . bonded together with a synthetic hydrophobic resin binder, said resin-bonded 
layer having an enzyme immobilised therein or thereon in conjucntion with 
NAO or NAOH as a cof actor for said enzyme, said electrode responding 
amperometrically to the activity of said enzyme, when in the presence of its 
substrate, and said NAD or NADH as the case may be. 

10 

15. A one off, disposable enzyme electrode according to claim 14, 
wherein said activated carbon electrode comprises a . porous, resin-bonded 
heterogeneous surface layer of pre-platinised or pre-palladised activated 
carbon or graphite particles bonded with a f luorocarbon resin, and supported 

15 on an underlying support member, and having said enzyme and said cofactor 
imobilised therein or thereon. 

16. A one off disposable enzyme_ electrode according to claim 15, 
wherein the underlying support member for said resin-bonded layer of pre- 

20 platinised or pre-palladised activated carbon or graphite particles comprises 
an electrically conductive carbon paper. 
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